Seven phytoplankton groups were recorded in the source water supplied to South Africa's largest conventional drinking water treatment plant (DWTP). Two phytoplankton genera, Anabaena and Ceratium were identified as the problem-causing phytoplankton due to their ability to interfere with the water treatment process and negatively impact on water quality. The objectives of this study were to identify problem-causing phytoplankton genera and investigate the efficacy of unit processes in removing phytoplankton genera and associated organic compounds. Phytoplankton and organic compound data were obtained from four different sampling localities throughout the treatment plant and statistically analysed to evaluate the removal efficiencies of unit processes. The highest percentage removal for the Cyanophyceae average seasonal concentration (> 1 000 cells/mℓ) was recorded at 98%, while the highest percentage removal for the Dinophyceae average seasonal concentration (± 9 cells/mℓ) was recorded at 100%. Microcystis and Anabaena were removed by the processes of coagulation, flocculation and sedimentation (> 95%), while Ceratium cells were removed by sand filtration (> 80%). Ineffective removal of Ceratium by coagulation, flocculation and sedimentation (and subsequent penetration to the sand filtration step) will negatively impact on filter run times when these phytoplankton genera are present in high concentrations in the source water. Total photosynthetic pigments (TPP) were removed effectively by all the different water treatment processes. Not enough statistical evidence could be displayed to suggest effective removal of geosmin in this conventional water treatment plant. With good removal of intact cyanobacteria cells during coagulation, flocculation and sedimentation, geosmin concentrations in the final water could be kept to accepted organoleptic levels of 5-10 ng/ℓ in the final water. Optimising conventional drinking water treatment processes can effectively remove problem-causing phytoplankton as well as their associated organic compounds and thereby reduce the potential risk to drinking water consumers.
INTRODUCTION
Pollution and eutrophication lead to the presence of high concentrations of organic and inorganic compounds, which enhance phytoplankton (including Cyanophyceae) blooms and concomitantly decrease water quality (Venter et al., 2003; Heisler et al., 2008 and Li et al., 2011) . The occurrence of these blooms in the source water for drinking water production is of critical importance to drinking water providers as phytoplankton can have both a physical impact (e.g. clogging of filters) and chemical impact (e.g. production of cyanotoxins, disinfection by-products and taste and odour compounds) on the treatment process (Du Preez et al., 2007; Merel et al., 2010) .
Phytoplankton known to cause problems during drinking water treatment, include groups like Dinophyceae (Ceratium hirundinella), Cyanophyceae (Microcystis aeru ginosa, Anabaena circinalis, Oscillatoria simplicissma and Cylindrospermopsis), Bacillariophyceae (Aulacoseira granu lata) as well as the Chlorophcyeae (Cladophora). Ceratium, for example, is known to disrupt the coagulation, flocculation and sedimentation processes and clog sand filters as well as to produce taste and odour compounds (Swanepoel et al., 2008a) . Cyanophyceae blooms add an additional dimension as the toxic strains of the different species can produce cyanotoxins that pose a health risk to the consumers of drinking water (Du Preez et al., 2007 and Newcombe, 2009) . Furthermore, blooms with high cell numbers can have a significant effect on the formation of disinfection byproducts after oxidation with chlorine (Rositano et al., 2001; Rodríguez et al., 2007; Zamyadi et al., 2011 and Zamyadi et al., 2012a) .
Removal of phytoplankton is a challenge during conventional water treatment as it is often inhibited by various factors such as: (i) the specific phytoplankton species present, (ii) the concentration of the phytoplankton in the source water, (iii) the optimisation (or lack thereof) of the coagulation, flocculation and sedimentation unit processes as well as (iv) the effectiveness of the sand filtration process. It is therefore important to monitor phytoplankton and their related organic compounds, not only in the source water, but also in the drinking water (Swanepoel et al., 2008a) , and to get a clear understanding of the efficacy of conventional treatment processes (i.e. different unit processes) in removing phytoplankton and their related organic compounds from the source water. The objectives of this study were to (i) identify problem-causing phytoplankton genera in source water supplied to the treatment plant and (ii) to investigating the efficacy of conventional water treatment processes in removing problematic phytoplankton and associated organic compounds. Therefore, this study focused on phytoplankton groups like Cyanophyceae (genera: Microcystis, Anabaena and Oscillatoria) and Dinophyceae (genus: Ceratium), which are known to produce unpleasant (e.g. taste and odour) and harmful (e.g. cyanotoxins) organic compounds (Newcombe, 2009; Swanepoel et al., 2008a; Du Preez et al., 2007) .
EXPERIMENTAL

Area of investigation
The study was undertaken at South Africa's largest drinking water treatment plant (DWTP), situated outside Vereeniging, south of Johannesburg, South Africa. The DWTP purifies water from the Vaal Dam, using conventional treatment processes (coagulation, flocculation, sedimentation, sand filtration and chlorination) to treat approximately 3 000 Mℓ/day. The treatment plant simultaneously uses hydrated lime, activated sodium silicate and organic coagulants as part of the coagulation process which specifically enhances the removal of phytoplankton and other particulate matter. Optimum hydrated lime (± 60 mg/ℓ) and activated sodium silicate (± 1.6 mg/ℓ) dosages under high-energy mixing conditions are based on source water quality and jar stirring tests. The optimum dosage of organic coagulants under high-energy mixing can vary between 3-10 mg/ℓ, depending on source water quality and polymer type. After coagulation, flocculation and sedimentation, water is channelled to filter houses containing 64 rapid gravity sand filters (size of each sand filter: 164 m 2 ), which run on 36 h backwash cycles during normal operations. After the sand filtration process, chlorine disinfection is applied to produce pathogen-free drinking water. During this study, the initial chlorine dosages were between 1 and 4 mg/ℓ (depending on source water quality), while free chlorine residual varied between 1 and 2.5 mg/ℓ after 20 min of contact time. Secondary disinfection by chloramination was achieved by dosing chlorine and ammonia in the correct mass ratio of not less than 4:1 and forming monochloramine in situ (Rand Water, 2001 ).
Sampling
Source water samples were collected from the forebay (a 500 Mℓ storage reservoir before the treatment plant) after a 20 km open canal supplying the DWTP with source water from the Vaal Dam. Additional samples were also collected from sampling localities during different stages of the conventional treatment processes, namely: (i) after sedimentation, (ii) after filtration and (iii) in the final water (after chlorination). Sampling was performed twice a month, from February 2008 to March 2010. These samples were collected according to the sample collection procedures for the analytical laboratories at Rand Water Analytical Services (a South African National Accreditation System (SANAS) accredited laboratory). Samples were collected 30 cm from the surface in the source water as well as after sedimentation in the flumes on the way to the sand filters. Samples for 'after filtration' and 'in the final water' were collected from continuous flowing taps, specifically designed for sampling. These samples were analysed for phytoplankton (identification as well as enumeration) together with related organic substances.
Laboratory analyses
Collected phytoplankton samples were fixed with Lugol's solution or formaldehyde (2% final concentration). These samples were used for the quantitative and qualitative phytoplankton analyses. Phytoplankton analyses were performed at the algae laboratory of the Department of Environmental Sciences and Development of the North-West University (Potchefstroom Campus), by using the sedimentation technique (Lund et al., 1958) .
The concentrations of the following organic compounds: total photosynthetic pigments (TPP as measured in µg/ℓ chlorophyll-665) and geosmin were measured over a period of 2 years (February 2008 to March 2010 . These analyses were performed at Rand Water Analytical Services according to SANAS-accredited laboratory methods (Swanepoel et al., 2008b) .
Statistical analysis
The canonical correspondence analysis (CCA) was performed on data obtained from the source water using CANOCO version 4.5 (Ter Braak, 1996) . The CCA ordinations were used to determine which organic compounds were associated with phytoplankton groups in the source water.
A single factor analysis of variance (ANOVA) was performed to determine if there is a statistically significant difference between the average counts of phytoplankton concentrations enumerated at 4 different sampling localities (source water, after sedimentation, after filtration and final water). T-tests were used to further clarify which processes were significant in removing the phytoplankton concentrations. The level of significance for all statistical analyses was set at 0.05 (p-value) and the hypotheses were stated separately for each analysis with the hypothesised difference equal to zero.
RESULTS AND DISCUSSION
The phytoplankton community found in the source water supplied to the DWTP consisted of 7 phytoplankton groups, namely; Bacillariophyceae, Cyanophyceae, Chlorophyceae, Chrysophyceae, Cryptophyceae, Dinophyceae and Euglenophyceae (Table 1 ). The Cyanophyceae dominated the phytoplankton community throughout the entire investigation period. The genera Anabaena, Microcystis and Oscillatoria dominated the composition of the Cyanophyceae group, which are represented in relation to the total phytoplankton biomass (concentration) in Fig. 1 . The highest percentage composition for Anabaena was recorded at between 90 and 100% on different occasions (dominant for 19 months of the study period). The highest percentage composition for Microcystis was 86% (dominant for 5 months), while Oscillatoria only dominated the percentage composition in May 2009 (86% of the total composition). It is evident that the Cyanophyceae genera have the potential to dominate the phytoplankton community during almost all seasons. Anabaena genera are more likely to occur during summer and spring (September to February), while Microcystis occur mostly during autumn and winter (March to August) as shown by the canonical correspondence analysis (Fig. 2) . Phytoplankton genera (especially members of the Cyanophyceae) usually undergo a fairly predictable annual cycle, but some genera grow exponentially and form blooms in the source water (Vaulot, 2001; Hart and Wragg, 2009 
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Oscillatoria (> 50%) recorded during this investigation may be an indication of high concentrations present in the source water (Fig. 1) .
Blooms or relatively high phytoplankton concentrations will therefore affect the drinking water treatment process when a high phytoplankton concentration (which is responsible for associated organic products) enters the water treatment plant (Swanepoel et al., 2008a, b) . The organic compounds associated with phytoplankton (especially Cyanophyceae) may affect the drinking water quality rather severely, because of (i) their potential to produce taste and odour compounds making drinking water aesthetically displeasing (Dixon et al., 2011) , (ii) producing toxic substances which may be harmful (even lethal) to consumers and/or (iii) being precursors in the formation of disinfection by-products during chlorination (Van der Walt et al., 2009).
In Fig. 2 , the first axis (x-axis) explains 59% of the variance in the data (TPP, PO 4 , temperature and DOC). Furthermore, the second axis (y-axis) explains an additional 41% of the variance in the data (silica, dissolved inorganic nitrogen, turbidity, pH, hardness, chemical oxygen demand (COD), alkalinity, geosmin and conductivity).
The taste and odour compound geosmin correlates positively with Anabaena during summer and spring (Fig. 2) . Anabaena and other Cyanophyceae genera are known to produce geosmin and release it into the water when cell lyses occur during the water treatment process -causing earthycorn-musty tastes and odours in potable water (AWWA, 2004) . Ceratium (a member of the Dinophyceae) correlated positively with the TPP concentration in the source water during the autumn and winter months (Fig. 2) , indicating that the TPP concentration consisted mostly of chlorophyll produced by Ceratium cells. The amount of chlorophyll per unit specific cell volume as mean chlorophyll-a content, for the Cyanophyceae species Anabaena circinalis, Oscillatoria agardhii v. isothrix and Microcystis aeruginosa, was 7.3, 5.2 and 4.9 µg chl.-a mm -3 , respectively, and 5.4 µg chl.-a mm -3 for Ceratium hirundinella (Reynolds, 1984) . The cell size (up to 450 µm long and 30-100 µm wide) and mean chlorophyll (5.4 µg chl.-a mm -3 ) per Ceratium hirundinella cell is enough evidence to prove that a Ceratium hirundinella cell contributes significantly to the photo synthetic pigment content in water (e.g. chlorophyll-a).
The average variation of the most problematic groups, namely the Cyanophyceae and Dinophyceae, are presented in Figs. 3a and 3b, respectively. Seasonal, and in some cases sporadic, occurrences of high Cyanophyceae concentrations and associated organic compounds (e.g. cyanotoxins and
Figure 1
The percentage dominance of the three Cyanophyceae genera (Anabaena, Microcystis and Oscillatoria) in relation to the total phytoplankton biomass/ concentration in the source water detected during the study period (February 2008 to March 2010) 742 geosmin) in source water may add to challenges during the treatment process (Du Preez and Van Baalen, 2006) . Source water supplied to South Africa's largest conventional DWTP can be considered as a source with low Cyanophyceae (cyanobacteria) concentrations and subsequently low risks of cyanobacteria problems (e.g. cyanotoxins) when compared to source waters supplied to DWTP in Quebec, Canada (Zamyadi et al., 2012b) , Bahia Blanca, Argentina (Echenique et al., 2001 ) and Queensland, Australia (Khan et al., 2001) . The seasonal average concentrations of Cyanophyceae in the source were relatively low throughout the investigation period (maximum 1 185 cells/ mℓ) in comparison to blooms (cyanobacteria concentrations > 1 000 000 cells/mℓ) recorded in source water supplied to DWTP in Quebec, Canada (Zamyadi et al., 2012b) . Seasonal average concentrations detected in the final water indicated effective removal (< 70 cells/mℓ), with a percentage removal above 90% during almost all seasons (except during autumn 2008) (Fig. 3a) . The highest seasonal average was recorded during spring 2008 (> 1 000 cells/mℓ) and the lowest during winter 2009 (< 200 cells/mℓ). These observations indicate that the Cyanophyceae concentrations in the source water did not have a major negative influence on the conventional water treatment process to effectively remove the cells (mostly in colonies and filaments) from the water (Fig. 3a) . However, the percentage of cells penetrating (5-10%) into the final drinking water in the current study were relatively low when compared to cases in Bahia Blanca, Argentina (270-2 475 cells/mℓ) and Queensland, Australia (11 230 cells/mℓ) (Hoeger et al., 2005) .
The average seasonal concentrations for Dinophyceae (consisting mostly of Ceratium in the source water) were also low (maximum approximately 9 cells/mℓ); however, the percentage penetration into the final water can be considered as high when compared to the concentration in the source water. The overall percentage removal for this group was low during the investigation period (0% removal was observed during the summer of 2010, Fig. 3b ). Seasons where 100% removal is indicated may be due to low concentrations in the source water (spring-summer 2008/2009).
The conventional water treatment processes were not able to remove even low Dinophyceae concentrations from the source water, which may pose a challenge to the DWTP when Dinophyceae concentrations may increase in the source water (as predicted by Swanepoel et al., 2008a) . These observations therefore confirm that the conventional water treatment processes are not suitable to treat water with high Ceratium concentrations (Fig. 3b) . Ceratium cells are known to disrupt coagulation, flocculation and sedimentation processes (Swanepoel et al., 2008a) and are also responsible for water treatment problems such as filter clogging as well as impacting on aesthetic water quality. These relatively large Dinophyceae cells Janse van Vuuren et al., 2006) are known to cause extensive water treatment problems even in relatively low concentrations due to their large cell size.
Swanepoel and Du Preez (2010) speculated that the presence of Ceratium in the source water may be one of the factors that cause chlorophyll breakthrough into the final water. The total photosynthetic pigment (TPP) concentrations (as expressed in µg/ℓ chlorophyll-665) in the source water, as displayed in Fig. 4 , followed the same trends as the average seasonal counts of the Dinophyceae (Fig. 3b) , indicating that the total photosynthetic pigments (TPP) are mostly produced by the large-celled Dinophyceae. The CCA ordination diagram (Fig. 2) also shows a positive correlation between TPP and Ceratium, emphasising this observation. In the final water TPP was shown to have been removed effectively (ranging from 96-100% removal) during the study period. It should be noted, however, that the phytoplankton cells may not have been removed effectively (Figs. 3a and 3b ), but rather that the TPP (Fig. 4) were oxidised by the chlorine and therefore not detected in the final drinking water (Van der Walt et al., 2009) .
Van der Walt (2010) investigated the impact of conventional water treatment processes on Ceratium cells and found that cells can be rendered immobile during pre-or intermediate chlorination which may assist the coagulation process and increase the removal efficiency for Ceratium by conventional water treatment processes. Pre-or intermediate chlorination should however be implemented with utmost caution at conventional DWTP, since chlorination is known to aid in the lysis of cells, where organic compounds are released into the water and subsequently cannot be removed without advanced treatment options such as ozone or activated carbon adsorption.
Geosmin is a secondary metabolite produced by cyanobacteria and has been reported as imparting an earthy or musty taste and odour to drinking water (Van Ginkel and Conradie, Ginkel, 2004; Swanepoel et al., 2008b) . Conventional drinking water treatment processes usually achieve minimal removal of geosmin and rarely remove these compounds to a commonly accepted organoleptic detection level by the human nose of 5-10 ng/ℓ. Organic compounds like geosmin are usually only removed by advanced treatment like adsorption to powered activated carbon, granular activated carbon, or oxidation by ozone when released into the water (Westerhoff et al., 2005) . Therefore, conventional drinking water treatment operators and managers should always aim to remove Cyanophyceae cells intact during coagulation, flocculation and sedimentation before cells lyse and organic compounds are released into the water. This seems to have been the case during the current study where it is evident that the geosmin levels detected in the drinking water were below the accepted organoleptic detection levels ( Fig. 5b) as stated by The geosmin content that was measured in both the source and final drinking water may have been produced by the Cyanophyceae genus Anabaena (Figs. 2, 3a, 5a , 5b). The average seasonal concentrations of geosmin in the source water have shown a decrease from summer towards winter, with an increase in spring of each year (2008 and 2009), which was expected since the Cyanophyceae (especially Anabaena spp.) concentrations were also slightly higher during the same seasons (Figs. 1, 5a) .
The best correlation of geosmin with phytoplankton was found between Anabaena and geosmin ( Fig. 5b ) with a R 2 value of 0.31 indicating a positive relationship between Anabaena cell numbers and geosmin concentration. Although this is not a very good correlation it is still regarded as sufficiently significant to indicate that Anabaena genera are mainly responsible for geosmin production.
Removal of phytoplankton by water treatment processes is difficult because of their small size and the low specific gravity (Ma and Liu, 2002) . To get a clear understanding of which conventional water treatment processes were effective for the removal of specific problem-causing phytoplankton (as well as their associated organic compounds), the performance of the full-scale treatment process was evaluated (Table 3a and 3b). Evaluation of the full-scale processes includes coagulation, flocculation and sedimentation, as represented by the difference between sampling points named 'source water' and 'after sedimentation', sand filtration as represented by the difference between the sampling points 'after sedimentation' and 'after filtration', as well as chlorination as represented by the difference between the sampling points named 'after filtration' and 'final water'. This evaluation was aimed to indicate which processes were effective in removing certain phytoplankton species and organic compounds and which processes potentially needed better optimisation.
Seven major phytoplankton groups, namely Bacillariophyceae, Cyanophyceae, Chlorophyceae, Chrysophyceae, Cryptophyceae, Dinophyceae and Euglenophyceae occurred in the source water supplied to the DWTP. Each of these groups contains specific characteristics that add to the challenges and removal difficulties for the conventional water treatment process (especially that of coagulation and flocculation). Some of the main characteristics of these phytoplankton genera that impact on the treatment process are morphology, motility, surface charge and cell density (Henderson et al., 2008) .
In Table 3a , the ANOVA results comparing the overall water treatment processes (coagulation, flocculation, sedimentation, filtration and disinfection/chlorination) are displayed. This was performed for each individual genus investigated as well as for the two organic compounds associated with it (TPP and geosmin). 
Figure 5b
The correlation between Anabaena (cells/mℓ) and geosmin (ng/ℓ) 
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Anabaena Microcystis and Ceratium were effectively removed by the conventional water treatment processes (Table 3a) . However, no statistically significant difference was observed after filtration (Table 3b) , (implying during the chlorination step), since chlorination is not aimed at removing phytoplankton cells but rather at disinfecting the final drinking water by killing pathogenic organisms.
For the removal of Oscillatoria on the other hand, there was not enough evidence to suggest statistically significant removal during the conventional water treatment process (Table 3a) . The filamentous Oscillatoria genera occurred on only a few occasions and were not present at all sampling localities, which might be a major factor contributing to the lack of evidence.
Geosmin and TPP showed statistically significant removal during the overall conventional water treatment process (coagulation, flocculation, sedimentation and filtration; Table 3a ). This may be an indication that phytoplankton (especially cyanobacteria) cells were still intact, where organic compounds are trapped inside the cells and removed when phytoplankton cells are removed.
To evaluate the individual processes and their capability to remove phytoplankton and associated organic material, t-tests were performed between data from each consecutive process to determine if a statistically significant difference exists between the water quality before and after each unit process (Table 3b) .
TABLE 3a
ANOVA results indicating statistically significant differences (or lack thereof) between 4 sets of data obtained from the source water, after sedimentation, after filtration and in the final water.  ANOVA results for phytoplankton concentrations, Cyanophyceae and Dinophyceae, are represented in the Appendix (Table A1) 
TABLE 3b
Results of Ttests performed to indicate which conventional water treatment processes were effective () in removing phytoplankton and organic compounds, or, alternatively, which stage of the water treatment process could not be shown to be effective (X)
Phytoplankton and organic compounds
Sampling localities (SW = source water, AS = after sedimentation, AF = after filtration and FW = final water)
ANOVA results (Table 3a) indicated not enough evidence to suggest any statistically significant differences, therefore no T-tests were performed between 4 sets of data
T-test results are presented in the Appendix (Tables A2 to A6) 
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Although coagulation, flocculation and sedimentation were effective in removing the Cyanophyceae, specifically Anabaena and Microcystis (as indicated by SW-AS in Table 3b ) it was not effective in removing Ceratium. However, Anabaena and Microcystis were removed effectively during coagulation, flocculation and sedimentation as well as during sand filtration. No statistically significant difference was found after filtration (implying during the chlorination step), since phytoplankton cells are not removed during disinfection, only discoloured (oxidised).
Ceratium cells were not removed during coagulation, flocculation and sedimentation, suggesting that the coagulant chemical (or the coagulant dosage) was not appropriate for Ceratium removal. This also supports the speculation by Swanepoel and Du Preez (2010) that Ceratium disrupts the coagulation, flocculation and sedimentation unit processes, and avoids coagulation, flocculation and sedimentation, because of their large cell size and unique morphological characteristics. Therefore, it may be advisable to implement regular jar stirring test experiments when Ceratium occur at high concentrations in the source water to ensure the effective removal of all phytoplankton genera (specifically problem-causing genera). Ceratium genera were, however removed effectively during filtration (as indicated by AS-AF in Table 3b ). Due to their relatively large cell size Janse van Vuuren et al., 2006) , Ceratium can be retained in the sand filters effectively. This however poses a challenge to the DWTP, since Ceratium are known to cause extensive filter clogging problems (Palmer, 1980) , decreasing the filter run times and increasing the cost of water treatment significantly.
Optimising the coagulation, flocculation and sedimentation unit processes can remove phytoplankton cells and therefore a large proportion of metabolites such as total photosynthetic pigments (TPP), 2methylisoborneol (2-MIB) and geosmin, before cells lyse and release their organic compounds into the water, after which these will be impossible to remove with conventional treatment methods (Ho and Newcombe, 2010). However, not enough evidence exists to suggest effective removal of geosmin during this investigation. This may be an indication that the conventional water treatment processes were not able to adsorb or oxidise the geosmin during purification, but may also be due to relatively low concentrations of geosmin (an average of 8.95 ng/ℓ) in the source water during the study period. However, should geosmin-producing cells be removed intact (as was displayed during this investigation, Table 3a ) the majority of geosmin can be removed by removing the Cyanophyceae cells within which it occurs. Sithole et al. (2007) observed a high percentage removal of geosmin during investigations into a conventional DWTP by using βcyclodextrin polymers, indicating that the choice of coagulant chemical can play a significant role in removing organic material from the source water. This is especially important when chemicals of a corrosive nature (e.g. lime with a pH of > 9) are used as coagulants, as these might lyse phytoplankton cells and release the organic compounds from inside the cells.
The overall removal of total photosynthetic pigments (TPP) by the conventional water treatment processes were effective; this may be due to the fact that TPP remained within the phytoplankton cells throughout the treatment process (Tables  3a and 3b ). Ceratium contributed significantly to the TPP content that was measured in the water during the investigation, which may confirm the robustness of the Ceratium cells and/or their ability to remain intact and avoid the impact of treatment. Preventing cell lysis during treatment should always be an objective during conventional drinking water treatment to remove organic compounds such as TPP and geosmin effectively.
CONCLUSIONS
South Africa's largest conventional water treatment plant uses conventional water treatment processes to purify source water from the Vaal Dam. The water treatment plant operators dose hydrated lime, activated sodium silicate and organic coagulants simultaneously as part of the coagulation process. Rapid sand filtration is the final barrier to remove suspended material before chlorine disinfection. Source water supplied to the conventional water treatment plant contains a phytoplankton (algae and cyanobacteria) community that consists of 7 major groups, which are sub-divided into genera. The Cyanophyceae group was identified as the dominant group, which consisted of Anabaena, Microcystis and Oscillatoria as well as the genus Ceratium, belonging to the Dinophyceae group. Anabaena and Ceratium were identified as problemcausing genera during this investigation, due to (i) their relatively high abundance in the source water, (ii) Anabaena's potential to produce harmful cyanotoxins as well as taste and odour organic compounds (e.g. geosmin), and (iii) Ceratium's ability to clog sand filters and produce fishy odours in the drinking water. Furthermore, Ceratium contributed significantly to the organic content (e.g. TPP and chlorophyll-a) in the water and have the potential to interfere with coagulation and flocculation unit processes when coagulant dosages are not optimised. It has become evident from this study that the conventional water treatment plant:
• Achieves high percentage (96-100%) removal of cyanobacteria cells during the production of drinking water and subsequently reduce the risks of cyanotoxins, taste and odours to drinking water consumers.
• Removes Ceratium cells effectively during the sand filtration stage; however when cells are present in large numbers in the source water it may put major strain on sand filters and reduce sand filter run-times.
• Was not effective in removing geosmin (associated with mainly Anabaena), which may be a result of cyanobacteria cell lyses (releasing organic compounds), since good removal of cyanobacteria cells was recorded. When cyanobacteria concentrations in the source water increase ineffective removal of geosmin may increase taste and odour problems in the drinking water.
• Effectively removed total photosynthetic pigments (TPP) by all different treatment processes during the investigation period, which may be a result of relatively good phytoplankton cell removal during water treatment and active oxidation by chlorine during the disinfection stage.
Phytoplankton genera and associated organic compounds are able to avoid removal by different conventional unit processes (e.g. coagulation); therefore, optimisation of each unit process plays an important role in purifying water to a quality that meets drinking water standards and guidelines. The development and implementation of incident management frameworks (e.g. cyanobacterial or geosmin incident management frameworks) can be effective to help managers and operators of conventional DWTP to react when high cyanobacteria concentrations occur in source water supplied to the water treatment plant. This may add to the confidence in drinking water quality and the safety of consumers. 
